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Summary 
Attacks by predators and parasitoids on spider eggs are common. 
To counteract their negative effect, spiders have evolved a series 
of behaviours and features related to their egg sacs. In the genus 
Deinopis (Deinopidae) the tightly woven external layer of the 
egg sac seems to be an effective barrier. This layer consists of 
two sub-layers: the outer sub-layer is constructed of thin threads 
densely woven with an apparently hardened liquid that cements 
the threads together, and an inner sub-layer that seems to be even 
more compact and in which threads are not discernible. Threads 
of the external layer are presumably produced by the cylindrical 
glands, but other glands may be involved in production of the 
liquid substance.
Introduction
Numerous strategies have evolved in different groups of 
DQLPDOVWRSURWHFWWKHLUUHSURGXFWLYHLQYHVWPHQWV&OXWWRQ
Brock 1991). Spiders, for instance, display a wide variety 
of behaviours which have likely evolved to maintain appro-
priate micro-environmental conditions inside the egg sac 
for embryo development, and to physically protect eggs 
and embryos from the attacks of predators and parasitoids 
(Austin 1985; Hieber 1985, 1992a; Triana, Barrantes & 
Hanson 2012). Different spiders accomplish these functions 
in different ways. For instance, the shapes of egg sacs and 
the coloration of their external silk layers, which presum-
ably evolved to reduce conspicuousness of egg sacs, are 
extremely variable even between related genera within the 
same family (Barrantes et al. 2013). The construction of 
retreats in which to maintain egg sacs, and of silk stalks with 
which to attach the egg sac to a substrate, are also charac-
teristics and behaviours that vary widely in spiders (Nielsen 
 %ULVWRZH  &RGGLQJWRQ  (EHUKDUG 
+LHEHUE0R\Det al. 2010). 
The external layer of the egg sac in many species acts 
as the main barrier against the attack of parasitoids and 
other arthropod predators (Foelix 2011), but it also has to 
allow an appropriate humidity, gas exchange, and thermal 
insulation for embryo development (Hieber 1985). Hence, 
a completely effective barrier against the attacks of para-
sitoids and predators may have detrimental effects on the 
environmental conditions inside the egg sac, affecting 
GHYHORSPHQWRIHPEU\RV&RQVHTXHQWO\WKHFKDUDFWHULVWLFV
of the external layer of spiders’ egg sacs are expected to 
result from trade-offs among multiple factors such as preda-
tors and parasitoids (e.g. parasitoid abundance) as well as 
external and internal environmental conditions (e.g. relative 
humidity). 
The densities of the silk threads of the external layer 
of egg sacs vary widely across spider species but, in most 
cases, it is still possible to distinguish individual threads 
(under the dissecting microscope, by hand lens or the naked 
eye). However, in a few species the density of threads of the 
external layer is very high, making silk threads undetect-
able and creating a hard, compact external layer. Spiders in 
the family Deinopidae construct egg sacs with perhaps the 
PRVWGHQVHO\EXLOWDQGKDUGHVWH[WHUQDOOD\HU&RGGLQJWRQ
Kuntner & Opell 2012). The aim of this study is to describe 
the ultrastucture of the egg sac in Deinopis VS0DF/HD\
1839 and discuss the advantage of producing such a dense 
external layer.
Material and methods
Ultrastructure of egg sacs
We collected 34 empty egg sacs of Deinopis sp. in plan-
tations of African oil palm (Elaeis guineensis) in Parrita, 
3XQWDUHQDV3URYLQFH&RVWD5LFDƍ1ƍ:P
a.s.l.). All egg sacs collected were attached to rachises of 
dead fern leaves or dead twigs on plants that were growing 
on the trunk of oil palms. We collected one adult female in 
WKLV SODQWDWLRQ EXW LQ&RVWD5LFD VL[ VSHFLHV RIDeinopis 
RFFXUVRVSHFLHVLGHQWL¿FDWLRQLVGLI¿FXOWHYHQKDYLQJERWK
PDOHV DQG IHPDOHV -&RGGLQJWRQ SHUV FRPP )XUWKHU-
more, we cannot be sure that all egg sacs belonged to the 
same species, so we have focused this study at the genus 
level.
We photographed two egg sacs under the dissecting 
microscope to obtain information on the characteristics of 
the external layer, and photographed two additional egg sacs 
ZLWK D +LWDFKL0RGHO 61 VFDQQLQJ HOHFWURQ PLFUR-
VFRSH6(0LQWKH&HQWURGH,QYHVWLJDFLyQHQ(VWUXFWXUDV
0LFURVFySLFDV&,(0,&8QLYHUVLGDGGH&RVWD5LFD)RU
WKH6(0WKHHJJVDFVZHUHFRYHUHGZLWKDQPOD\HURI
JROGDWP$IRUPLQXVLQJDVSXWWHUFRDWHU(06;
We dissected all 34 egg sacs to check for spider exuviae, 
pupae or dead bodies of parasitoids, and arthropod preda-
tors. Parasitoids and most arthropod egg predators (e.g. 
0DQWLVSLGDHPRXOWWRDGXOWKRRGLQVLGHWKHHJJVDFOHDYLQJ
the shed skin of the pupae inside the egg sac (Redborg & 
0DFOHRG+DQVRQ	*DXOG
Results
Ultrastructure of egg sacs
The egg sacs of Deinopis are nearly spherical (width: 
6.5 mm ± 0.08; height: 6.8 mm ± 0.29; n = 6) and have 
a stalk about 2 cm long. The brownish external layer has 
two sub-layers. Viewed externally it has a compact smooth 
DSSHDUDQFHXQGHUWKHGLVVHFWLQJPLFURVFRSH)LJ$6(0
images show that the external sub-layer had a thickness of 
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ventrally and, with rapid dorso-ventral movements of her 
abdomen, apparently applied silk or liquid to a reduced area 
on the outer surface of the egg sac (Fig 3). During 17 s she 
placed and raised her spinnerets 53 times; she placed her 
spinnerets consecutively on the same or nearly the same 
point of the outer surface.
Additional information
We cut open 34 egg sacs looking for the remains of para-
sitoids and egg predators. One had the pupa of a relatively 
large predator (Fig. 1B). This was the only egg sac that did 
not contain the shed skins of the spiderlings (spiderlings 
moult once before they abandon the egg sac). Strangely, 
WKLVHJJVDFODFNHGWKHÀRFFXOHQWOD\HURIZKLWLVKVLON7KH
edge of the exit produced by this predator was roughly cut, 
compared with the smoother edges of exits produced by 
spiderlings (Fig. 2B).
Discussion
Deinopis sp. constructs what seem to be relatively unpro-
tected egg sacs which are left alone without the mothers’ 
active protection. However, the extremely dense, compound 
external layer of the egg sacs built by Deinopis may be an 
effective barrier against parasitoids and most arthropod 
predators. In addition to silk threads, this layer has what 
appears to be a hardened liquid like substance that cements 
60 µm and very compact consistency with both threads and 
an apparently hardened liquid (Fig. 2A–D). The threads 
were c. 1–2 µm in diameter, and were densely packed (Fig. 
2D). This outer sub-layer has approximately one third of the 
total thickness of the entire layer. The internal sub-layer is 
much more compact and shows no signs of threads (Fig. 
&,QVLGHWKLVFRPSRXQGRXWHUOD\HULVDPDWRIÀRFFXOHQW
whitish silk that probably is in contact with the eggs and 
VSLGHUOLQJV)LJ&
The stalk consists of silk threads that varied in thickness; 
most threads were c. 15 µm in diameter, but other threads 
were up to 30 µm in diameter. The core of the stalk consists 
of long, thick threads that the spider wraps with other threads 
in a circular fashion near the egg sac, giving the appearance 
of rings holding the threads of the core (Fig. 2E). The area 
in which the stalk connects to the egg sac consists of thinner 
threads (Fig. 2F).
Egg sac construction
The complete construction of egg sacs was not observed. 
We obtained a short video recording (provided by I. Escal-
DQWHIURPDGLIIHUHQWORFDOLW\RIWKH¿QDOVWDJHRIFRQVWUXF-
tion of a Deinopis egg sac, at 15 cm above the ground in a 
grassy area near a forest edge. The spider was applying the 
last layer to the outer surface of the egg sac (Fig 3). To apply 
WKLVODVWOD\HUVKHKXQJE\KHU¿UVWOHJVIURPVLONWKUHDGVRI
a scaffold she had built across grass blades. All other legs 
and her palps were in contact with the egg sac, presumably 
holding the egg sac steady, while she curved her abdomen 
Fig. 1:  Egg sac occupied by the egg predator. A opening cut by the egg predator; opening of the predator is cut closer to the stalk than that cut by spiderlings; 
BSXSDRIWKHHJJSUHGDWRUQRWHWKHDEVHQFHRIZKLWLVKÀRFFXOHQWVLONLQVLGHWKHHJJVDF
A B
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observations on egg sac construction and silk characteristics 
are necessary to know which silk types are involved in the 
construction of egg sacs in Deinopis, and whether this hard-
ened liquid-like substance is produced by the same glands in 
Deinopis and T. gemmosum.
A major function that has repeatedly been attributed 
to the external layer of the spider egg sacs is protection 
against egg parasitoids and egg predators (Austin 1985; 
Hieber 1992b). Nevertheless, egg parasitoidism in spiders 
seems to be very high (Valerio 1971; Triana, Barrantes & 
Hanson 2012). At least some wasp parasitoids (e.g. Baeus, 
the threads, and perceptibly reduces the space between 
them.
It appears that Deinopis uses at least two types of material 
in the construction of its sacs. The external layer is presum-
ably constructed with silk threads produced by the cylin-
drical (= tubiliform) glands (Foelix 2011), but it is uncertain 
whether the apparently liquid substance is produced by 
the same glands. In Theridiosoma gemmosum a silk/secre-
tion, presumably from aciniform glands, produces a dense 
compact cover that resembles the outer layer of egg sacs of 
Deinopis (Hajer et al. 2009). However, further behavioural 
Fig. 2:  Ultrastructure of the egg sac of Deinopis sp. A external layer of the egg sac; arrow points the opening cut by spiderlings to exit the egg sac; B detail 
of the opening cut by spiderlings; CH[WHUQDOOD\HUQRWHWKHWZRVHFWLRQVRIWKHH[WHUQDOOD\HUDQGWKHÀRFFXOHQWVLONLQWKHLQWHULRURIWKHHJJVDF
D silk threads of the external layer covered with a hardened liquid substance; E stalk of the egg sac; F silk threads laid by the spider around the stalk.
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Scelionidae) penetrate the external wall to reach the eggs 
inside the sac, and then lay their own eggs inside the spider’s 
eggs (Pemberton & Rosa 1940). Other parasitoids introduce 
a long ovipositor through the external layer of the egg sac 
to lay their own eggs inside the spider’s eggs (Austin 1985). 
In both cases, the woven silk with which most spiders built 
the external layer of egg sacs allows parasitoids to access 
the eggs inside the egg sac (see Foradori et al. 2002 and 
Agnarsson 2004 for some examples of the external layer of 
egg sacs).
The density of the external layer of the sacs of Deinopis 
seems to reduce the access of parasitoids and predators to 
their eggs. No sign of parasitoids was found in any of the 
egg sacs dissected, and only one egg sac had a pupa of an 
HJJSUHGDWRU7KLVSXSDSRVVLEO\EHORQJHGWRD0DQWLVSLQDH
of the genus Zeugomantispa (based on size and shape of 
WKH SXSD DPDQWLGÀ\ VSHFLDOL]HG RQ VSLGHU HJJV/DUYDH
RIGLIIHUHQWVSHFLHVRI0DQWLVSLQDHJDLQDFFHVVWRWKHVSLGHU
eggs by burrowing through the external layer, or by entering 
the egg sac during its construction, or using both strategies 
5HGERUJ	0DF/HRG*XDULVFR
The egg sacs of Deinopis have several characteristics 
which may have evolved to reduce the attack of parasitoids 
and egg predators. The coloration of the external layer helps 
FDPRXÀDJHWKHHJJVDFDJDLQVWWKHEDFNJURXQG%DUUDQWHV
et al. 2013). The stalk, as has been demonstrated in other 
spiders (Hieber 1992b), probably reduces the access of 
predators to the eggs (e.g. ants). The hard, compact, external 
OD\HUSUREDEO\PDNHV LWPRUHGLI¿FXOW IRU SDUDVLWRLGV DQG
predators to gain access to the eggs. 
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Fig. 3:  Deinopis sp. placing her spinnerets on the outer surface of the egg 
sac. Note the curvature of her abdomen to reach the egg sac.
